where C=dry coal (g), PI=pyridine insoluble in the raw product (g), BI=benzene insoluble in the raw product (g), HI=n-hexane insoluble in the raw product (g), Ash=ash content in raw coal (wt%). The PDQI of the solvents were calculated based on the results of compound type analyses with HPLC-GC/MS for the twelve hydrogenated solvents17). It is assumed that compounds which have hydrogen donor ability are tetralins=-8),
tetrahydroacenaphthenes (Z=-10), (di, tetra and octa)
hydro-anthracenes (Z= -16, -14, -10) and (di, tetra, hexa and octa) hydro-pyrenes (Z= -20, -18, -16 , -12), respectively. PDQI of the solvents can where: I= intensity of molecular ion peak; i=i molecule.
PDQI of SRC-II and twelve hydrogenated solvents are summarized in Table 1 together with the hydrogenation conditions. PDQIs of monoaromatics and Dl aromatics (naphthalene type di-aromatics) for SRC-II are larger than those of other compound classes. As is seen in the table, PDQI of tetrahydro-anthracenes is 2. 18. This is the largest of these compound types so far as studied. PDQIs of other compound types are in between 0.20 and 0.64. With an increase of the hydrogenation temperature, mono-aromatics, Dl aromatics, D2 aromatics (biphenyl type di-aromatics) and tri/tetra-aromatics have a maximum PDQI value of 5.68, 3.99, 1.24 and 0.71 at 430°C, 420°C, 380°C and 380°C, respectively. PDQI of Dl aromatics dramatically decreases over 430°C, and PDQI at 460°C is lower than that of SRC-II. In compound types, PDQI of tetralins and dihydro-anthracenes slightly decrease at 460°C. These PDQIs are still bigger than that of SRC-II. On the other hand, PDQIs of octahydro-anthracenes and hexahydro-pyrenes greatly decrease at 460°C and become smaller than that of SRC-II. PDQIs of the compounds consisted of poly naphthenic rings largely decreased at 460°C. As shown in Eq.(4), PDQI decreases due to the decomposition of naphthenic rings at higher temperatures. PDQI of the whole solvent increases from 5.05 to 10.99 at 410°C, and decreases to 4.24 at 460°C. Also, PDQI of the solvent treated at 400°C increases to 10.91 for 30 min. and decreases to 10.36 for 120 min. The hydrogen needed to stabilize the radical fragments generated during coal pyrolysis in this study may be supplied almost from the solvent.
Therefore, the benzene soluble yields depend on the PDQI of the solvents as shown in Fig. 1 .
3 Contribution of the Compound Types to

PDQI
The relationships between PDQI and the coal conversion were mentioned in the former section.
Pyridine soluble yields with the given solvents are about 80 wt% nevertheless the PDQI varied from 4 to 11. On the other hand, benzene soluble yields increase from 22.9 wt% (Experiment L-0) to 47.0 wt% (Experiment L-5) with an increase of PDQI, although the correlation is not strong. Also, comparing Experiment L-5 with Experiment L-12, PDQI of these solvent are almost the same at around 10.5 but the benzene soluble yields are quite different of 47.0 and 33.6 wt% respectively. It is not easy to determine a coal conversion only by the PDQI value of the solvent. It is thought that hydrogen donor ability of the solvent depends on both an amount of donatable hydrogen and transferability of hydrogen. PDQI shows merely a total amount of hydrogens attached to naphthenic rings in the solvent. It may be necessary to consider the relative reactivity of hydrogen donor species in coal liquefaction. It is expected that transferability of hydrogen is determined by a chemical structure of the molecule which includes donatable hydrogen. Kamiya et al13) reported that dihydro-anthracene was about 10 times as reactive as tetralin in hydrogen donation to Yallourn coal. The fact above is agreed with the results of theoretical MO calculation for hydroaromatic compounds19). And a stronger hydrogen donor is able to transfer more hydrogen atoms to coal structures than tetralin and results in a higher conversion of coal after 30 min of reaction. In our preceding paper6), it was clear that the hydrogenated recycle solvent including 50% of hydroaromatics of mono-aromatics had high PDQI value, but it provided lower benzene soluble yields.
A comparison of the relative reactivity in the hydroaromatic compounds was attempted based on this coal conversion data. For this purpose multi regression analyses between coal conversions and PDQIs of hydroaromatics were carried out. In these analyses, the coal conversion is an dependent valuable dihydro-aromatics has the largest value and tetrahydro-aromatics has the lowest. Dihydroaromatics has high hydrogen donor ability because it includes dihydro-anthracenes. It seems that (hexa, octa, and deca) hydro-aromatics have higher donor ability because they possess a lot of naphthenic hydrogen.
A multi regression analysis of the compound which are readjusted by total ring (aromatic ring plus naphthenic ring) numbers for benzene soluble yields is summarized in Table 5 . A correlation coefficient of four ring compounds is the largest value. In other words, the four ring compounds contribute much to the coal conversion. This may be because they have both hydrogen donor ability and high solubility for coal derivatives. Inukai et al14) investigated solvolysis liquefaction of subbituminous coal using polycyclic hydroaromatic hydrocarbons. They reported that the liquefaction abilities of hydroaromatics increased in the order of di-, tri-, and tetracyclic hydroaromatics. The same tendency was shown in this study.
It is necessary to point out that the degree of freedom in these regression analyses was very poor. There are some inconsistency in this study due to the reason above. The multi regression In our preceding paper6), we reported evaluation of hydrogen donor ability for recycle solvent on coal liquefaction. In the study, benzene soluble conversions were correlated with the PDQI values of each recycling solvent used for liquefaction reaction. As shown in Table 6 , the starting solvent HAO (hydrogenated anthracene oil) had the highest value of PDQI : 10.2 mg-H/g-solvent, and provided the highest coal conversion. As solvents were recycled, their PDQI gradually decreased, and coal liquefaction yields also decreased. Although the PDQI value of the hydrogenated recycle solvent was higher than that of HAO, the coal conversion with the solvent was lower than that of HAO.
PDQI values of these solvents were fitted based 
